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1
CONTENT PROCESSING FOR PERSONAL
OVER-THE-TOP NETWORK VIDEO
RECORDER

BACKGROUND

This invention relates in general to over-the-top (OTT)
media delivery.

One known technique for OTT media delivery employs
segmentation of media objects and the use of playlists or
“manifests” by clients (or their proxies) to retrieve the seg-
ments in an ordered manner for local client playback of the
media object. Among other benefits, segment-based delivery
can more easily be provided by general-purpose and widely
implemented network protocols such as HTTP, avoiding vari-
ous costs and complexities that accompany more specialized
media delivery protocols.

SUMMARY

Disclosed is a technique for one-time processing of live
streaming content for use with real-time delivery, time-
shifted delivery, and future video on demand (VoD) delivery.
The technique may be referred to generally as a “network
personal video recorder” or “npvr”. In particular, the dis-
closed technique employs a client-side proxy that makes
heavy use of manifests to provide the various delivery func-
tions to a client device. Certain commonalities among differ-
ent delivery modes are taken advantage of in the use of the
manifests, so that manifest manipulation functions can be
leveraged across different uses in operation.

In particular, a method is disclosed for server-side process-
ing of content to support network personal video recorder
functions. The method includes continually performing steps
of (i) acquiring real-time streaming source content containing
a program, (ii) transcoding the acquired source content into
distinct encodings to create respective content streams, and
(iii) segmenting the content streams into segments and
uploading the segments to one or more content delivery net-
works (CDNG5) for retrieval and use in rendering the program
at a media player. Here “program” refers to a section of a live
streaming content. [t may or may not correspond to a “pro-
gram” in the usual sense, e.g., a television show, etc. Program
boundaries can be detected by various means, including in-
band SCTE-35 cue tones, out-of-band signals, etc.

The method further includes generating manifests for the
program and continually updating the manifests and upload-
ing the updated manifests to the CDNs as the segments are
uploaded to the CDNs. The manifests include a master mani-
fest and set of network-personal-video-recorder (npvr) mani-
fests for respective ones of the encodings, where the master
manifest includes references to the set of npvr manifests to
enable selection from among the encodings in rendering the
program at the media player, and the npvr manifests are
progressively growing non-sliding-window manifests
updated as new segments are uploaded.

Upon detecting a program boundary of the program in the
source content, a current set of npvr manifests are completed
in current directories of the CDNs. Then new directories are
created in the CDNs and a new set of npvr manifests are
started in the new directories. Subsequent segments and npvr
manifest updates are uploaded to the new directories.

Also disclosed is a client-side method for rendering con-
tent that is available in one or more distinct encodings each
including a respective set of sequential segments. The method
includes proxying a manifest request from a media player to
a content server, selecting a preferred encoding for requested
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2

content to be delivered, determining a set of npvr manifests
required to satisty the content request and obtaining a
selected one or more of the set of npvr manifests associated
with the selected encoding, the npvr manifests specifying
locations of segments of the respective encodings. A variant
manifest is also created from the selected npvr manifest and
provided to the media player for use in obtaining the segments
of the respective encoding for playback of the content. Dif-
ferent types of variant manifest may be employed to support
different functionality, including a sliding-window type of
variant manifest (i.e., generated from an npvr manifest) for
live streaming or time-shifted playback. A non-sliding-win-
dow type of variant manifest (i.e., a modified version of the
npvr manifest) can be used to support delivery of prerecorded
media, e.g., video on demand.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages
will be apparent from the following description of particular
embodiments of the invention, as illustrated in the accompa-
nying drawings in which like reference characters refer to the
same parts throughout the different views.

FIG. 1 is a block diagram of a system which is capable of
conducting end-to-end content delivery procedures, in accor-
dance with various embodiments;

FIG. 2 is a block diagram of a system which is capable of
conducting end-to-end content delivery procedures, in accor-
dance with various embodiments;

FIG. 3 is a flow chart showing a method for performing
media preparation, in accordance with various embodiments;

FIG. 4 is a flow chart showing a method for performing
real-time content rendering, in accordance with various
embodiments;

FIGS. 5A and 5B are flow charts showing methods for
performing time-shifted content rendering, in accordance
with various embodiments; and

FIG. 6 is a flow chart showing a method for performing
VoD content rendering, in accordance with various embodi-
ments.

DETAILED DESCRIPTION

In the description herein for embodiments, numerous spe-
cific details are provided, such as examples of components
and/or methods, to provide a thorough understanding. One
skilled in the relevant art will recognize, however, that an
embodiment can be practiced without one or more of the
specific details, or with other apparatus, systems, assemblies,
methods, components, materials, parts, and/or the like. In
other instances, well-known structures, materials, or opera-
tions are not specifically shown or described in detail to avoid
obscuring aspects of embodiments.

In FIG. 1 is a block diagram for one embodiment of a
system 100. The system has a plurality of network-connected
components including a workflow manager (WFM) 102,
media processing server or “packager” 104, streaming proxy
106, content delivery network(s) (CDNs) 108, client media
player or “client” 110, and content management system
(CMS) 112. It also includes an advertisement decision man-
ager (ADM) 114 having a connection to the proxy 106. In the
illustrated embodiment, the proxy 106 is separate from the
client 110—it may be located in a server-type of computer
distinct from the client-type of computer (personal computer,
etc.) in which the client 110 is located. In an alternative
embodiment described below, the proxy 106 may be included
as part of the client 110.
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In general, the system operates to deliver content from the
CDNs 108 to the client 110 using a segment-based content
delivery mechanism, such as HTTP Live Streaming (HLS),
Dynamic Adaptive Streaming over HTTP (DASH), Smooth-
Streaming, or any other HTTP Adaptive Streaming (HAS)
protocol, as should be known by those skilled in the art. The
term “segment-based” should be understood to mean a unit of
video data smaller than the full duration or length of the
video. While the semantic distinction between “segment”
files and “fragments™ within a file should be known to those
skilled in the art, the term “segment” used here should be
understood to apply equally to segment, fragment, chunk, etc.
(as described by a given protocol)—partial video data units
derived from a longer piece of content. The client 110
requests segments as described by a playlist or “manifest” as
generally known in the art. As described in detail below, the
proxy 106 is heavily involved in the creation and use of
manifests to provide certain playback functions to the client
110.

The workflow manager (WFM) 102 receives a real-time
streaming content ingestion request from the content man-
agement system (CMS) 112. The WFM 102 instructs the
packager 104 to begin processing the real-time streaming
content, transcoding the content into a plurality of distinct
encodings (e.g., audio or video at different bitrates/frame
rates/resolutions, audio in different languages or subtitles, or
different encryption algorithms and keys) as defined by the
CMS 112 and configured through the WFM 102, segmenting
the individual bitrate streams, encrypting the segments, and
uploading the segments to a plurality of content delivery
networks (CDNs) 108.

The media processing server 104 (referred to herein as
packager 104) generates a master manifest from the encoding
configuration received from the WFM 102. The packager 104
generates variant manifests for each encoding (referred to
herein as npvr manifests). The npvr manifest for a given
encoding is a non-sliding-window manifest that is updated as
each segment for the encoding is generated. The segment is
uploaded and then the npvr manifest is also uploaded. The
npvr manifest grows in size until the program is complete.
When the program completes, the manifest is finalized and a
new program directory and new npvr manifest are created for
the next program. Each new manifest contains a pointer to the
previous sequential npvr manifest. When a manifest is final-
ized it is updated with a pointer to the next sequential npvr
manifest.

The term “program” is used herein primarily to describe a
section of a live streaming content corresponding to an npvr
manifest. It may or may not correspond to a “program” in the
usual sense, e.g., a television show, etc. In one embodiment
program boundaries are detected via in-band SCTE-35 cue
tones. In another embodiment, program boundaries are
detected based on out-of-band SCTE-118 or proprietary elec-
tronic program guide (EPG) protocol data. In another
embodiment, program boundaries are generated periodically
using a fixed program duration (e.g., every 30 minutes). In
another embodiment, programs may be defined by a user by
providing a fixed time range (e.g., specifying the start and end
time for a recording or the start time and a duration for the
recording). There are multiple ways to define program bound-
aries as should be known to those skilled in the art. It should
be understood that any method of program boundary detec-
tion may be applied to the current invention.

In one embodiment, the initial npvr manifest for a new
program having only one segment may look as follows, using
an M3U8 format:
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#EXTM3U

#EXT-X-TARGETDURATION:10

#EXT-X-VERSION:4

#EXT-X-MEDIA-SEQUENCE:1000

#EXT-X-KEY:METHOD=AES-128,URI=http://localhost’key-100

#EXT-X-DISCONTINUITY:TYPE=“PGM”,PID=Y"”

#HEXT-AZK-CHAIN:PREV="http://cdnl.example.com/1/2013/
02/01/001-X/index.m3u8”

HHEXT-AZK-SEG: TIME=*2013-02-01T19:00:00” KEY="key-

100”,RATING=“PG”

#EXTINF:10.0,

http://ednl.example.com/1/2013/02/01/002-Y/seg-01000.ts

The npvr manifest is initialized with program information
and a pointer to the previous npvr manifest.

In one embodiment, wall-clock timestamp information is
included as a comment for each segment. In one embodiment,
encryption key ID information is included as a comment for
each segment. In one embodiment, rating information is
included as a comment for each segment. There are many
ways to represent wall-clock time, key information, and rat-
ing information, as should be known to those skilled in the art.
Any valid representation for wall-clock time, key informa-
tion, and rating information should be considered valid for
use with the current invention.

Continuing the example for the above described embodi-
ment, after ten seconds (one segment duration), the npvr
manifest would be updated with a second segment and look as
follows:

#EXTM3U

#EXT-X-TARGETDURATION:10

#EXT-X-VERSION:4

#EXT-X-MEDIA-SEQUENCE:1000

#EXT-X-KEY:METHOD=AES-128,URI=http://localhost’key-100

#EXT-X-DISCONTINUITY:TYPE=“PGM”,PID=Y"”

#HEXT-AZK-CHAIN:PREV="http://cdnl.example.com/1/2013/
02/01/001-X/index.m3u8”

HHEXT-AZK-SEG: TIME=*2013-02-01T19:00:00” KEY="key-

100”,RATING=“PG”

#EXTINF:10.0,

http://ednl.example.com/1/2013/02/01/002-Y/seg-01000.ts

HHEXT-AZK-SEG: TIME=*2013-02-01T19:00:10” KEY="key-

100”,RATING=“PG”

#EXTINF:10.0,

http://ednl.example.com/1/2013/02/01/002-Y/seg-01001.ts

Continuing the example for the above described embodi-
ment, once the program completes 599 segments later, the
completed manifest would look as follows:

#EXTM3U

#EXT-X-TARGETDURATION:10

#EXT-X-VERSION:4

#EXT-X-MEDIA-SEQUENCE:1000

#EXT-X-KEY:METHOD=AES-128,URI=http://localhost’key-100

#EXT-X-DISCONTINUITY:TYPE=“PGM”,PID=Y"”

#HEXT-AZK-CHAIN:PREV="http://cdnl.example.com/1/2013/
02/01/001-X/index.m3u8”

HHEXT-AZK-SEG: TIME=*2013-02-01T19:00:00” KEY="key-

100”,RATING=“PG”

#EXTINF:10.0,

http://ednl.example.com/1/2013/02/01/002-Y/seg-01000.ts

HHEXT-AZK-SEG: TIME=*2013-02-01T19:00:10” KEY="key-

100”,RATING=“PG”

#EXTINF:10.0,

http://ednl.example.com/1/2013/02/01/002-Y/seg-01001.ts

#H#EXT-AZK-SEG: TIME="2013-02-01T19:10:00”, KEY="key-
102”, RATING="PG”
#EXTINF:10.0,
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-continued

http://ednl.example.com/1/2013/02/01/002-Y/seg-01600.ts

#HEXT-AZK-CHAIN:NEX T="http://cdnl.example.com/1/2013/
02/01/003-Z/index.m3u8”

#EXT-X-ENDLIST

The npvr manifest is updated with a pointer to the next
sequential npvr manifest and an ENDLIST tag. In the
example above, key rotation occurred at some point, thus the
encryption key ID for the final segment differs from the
encryption key ID of the first segment.

In one embodiment, the directory structure program is
hierarchical based on the program boundaries and the date
and time the program was processed, as well as the source
stream 1D and transcoded bitrate, e.g.:

<media_id>/<year>/<month>/<day>/<zp_seq>-<pid>/
<bitrate>/<limit>,

where <media_id> identifies the source stream, <year>,
<month>, and <day> represent the date the initial program
segment was processed, <zp_seq>-<pid> represents the pro-
gram identifier with a zero padded sequence number for lexi-
cographical sorting, <bitrate> represents the transcoded
bitrate (though more generically describes the encoding, e.g.,
different bitrate/resolution audio/video, different language
audio and subtitles, and/or different encryption algorithms),
and <limit> represents an additional level by which directory
size limits may be moderated for long running programs. In
one embodiment, the <pid> corresponds to a unique identifier
used to correlate program metadata. In one embodiment, the
program identifier may contain additional relational metadata
associating the program to one or more of: a particular content
provider, a specific program series, an individual program
episode, a unique instance of a program airing at a given time,
etc. It should be understood that the program identifier in this
context is a generic identifier for the npvr-program being
processed and does not necessarily correlate to a given
semantic meaning for the generic term program or the term
program used within the context of a given metadata defini-
tion as should be known to those skilled in the art. In one
embodiment, when program boundaries are determined
based on fixed program durations, the <pid> may denote the
wall clock time when the program started.

In one embodiment, the npvr manifest is an HTTP Live
Streaming variant manifest. Completion of the manifest
involves adding an ENDLIST tag to the end of the npvr
manifest and adding a comment to point to the next sequential
npvr manifest in the new program directory. The new npvr
manifest should be initialized with a comment pointing to the
previous sequential npvr manifest that was just completed. In
one embodiment, a new encryption key is generated on pro-
gram boundaries and a reference to the new key is included in
the new npvr manifest. In another embodiment, the last
encryption key is carried over from the previous npvr mani-
fest and the initialization vector (IV) information is corre-
spondingly generated. In one embodiment, the IV informa-
tion is set in the MEDIA-SEQUENCE tag. In another
embodiment, the IV information is explicitly set with the
KEY tag. In one embodiment, the packager 104 inserts wall-
clock timestamp, encryption key, and rating information in
comments associated with each segment in the npvr manifest.
In yet another embodiment, there may be a key change in the
middle of a program and the new key carried over to the next
program.

In one embodiment, the packager 104 detects advertise-
ments in the live content stream. In one embodiment, the
packager 104 detects advertisements based on in-band mes-
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sages (e.g., SCTE-35 cue tones). In another embodiment, the
packager 104 is notified a priori out-of-band of the advertise-
ment air time using a wall-clock start time and duration or end
time for the advertisement. There are multiple ways to define
advertisement boundaries as should be known to those skilled
in the art. It should be understood that any method of adver-
tisement boundary detection may be applied to the current
invention. In one embodiment, the advertisement start and
stop are included as comments and/or discontinuity indica-
tors in the npvr manifest. In one embodiment, upcoming
advertisement start and stop indicators are included as com-
ments in the npvr manifest. Extending the M3U8 example
above, the following manifest shows an example where pro-
gram outpoint (POP) discontinuity (advertisement start) and
program inpoint (PIP) discontinuity (advertisement end)
notifications are inserted into the npvr manifest before seg-
ment 1006 (the first segment of the advertisement) and after
segment 1008 (the last segment of the advertisement) noting
the possible discontinuity in the stream due to advertisement
insertion. The EXT-AZK-SEG comments for segments 1005
and 1008 also note the upcoming PIP and POP, respectively:

#EXTM3U

#EXT-X-TARGETDURATION:10

#EXT-X-VERSION:4

#EXT-X-MEDIA-SEQUENCE:1000

#EXT-X-KEY:METHOD=AES-128,URI=http://localhost’key-100

#EXT-X-DISCONTINUITY:TYPE=“PGM”,PID=Y"”

#HEXT-AZK-CHAIN:PREV="http://cdnl.example.com/1/2013/
02/01/001-X/index.m3u8”

HHEXT-AZK-SEG: TIME=*2013-02-01T19:00:00” KEY="key-

100”,RATING=“PG”

#EXTINF:10.0,

http://ednl.example.com/1/2013/02/01/002-Y/seg-01000.ts

HHEXT-AZK-SEG: TIME=*2013-02-01T19:00:10” KEY="key-

100”,RATING=“PG”

#EXTINF:10.0,

http://ednl.example.com/1/2013/02/01/002-Y/seg-01001.ts

HHEXT-AZK-SEG: TIME=*2013-02-01T19:00:50” KEY="key-
101”,RATING=“PG”,POP

#EXTINF:10.0,

http://ednl.example.com/1/2013/02/01/002-Y/seg-01005.ts

#EXT-X-DISCONTINUITY:TYPE=“POP”

#HEXT-AZK-SEG: TIME=*2013-02-01T19:01:00” KEY="key-

101”,RATING="PG”

#EXTINF:10.0,

http://ednl.example.com/1/2013/02/01/002-Y/seg-01006.ts

HHEXT-AZK-SEG: TIME=*2013-02-01T19:01:10” KEY="key-

101”,RATING="PG”

#EXTINF:10.0,

http://ednl.example.com/1/2013/02/01/002-Y/seg-01007.ts

HHEXT-AZK-SEG: TIME=*2013-02-01T19:01:20” KEY="key-

101”,RATING=“PG",PIP

#EXTINF:10.0,

http://ednl.example.com/1/2013/02/01/002-Y/seg-01008.ts

#EXT-X-DISCONTINUITY:TYPE=“PIP”

HHEXT-AZK-SEG: TIME=*2013-02-01T19:10:00” KEY="key-

102”,RATING=“PG”

#EXTINF:10.0,

http://ednl.example.com/1/2013/02/01/002-Y/seg-01600.ts

#HEX T-AZK-CHAIN:NEXT="http://cdnl.example.com/1/2013/
02/01/003-Z/index.m3u8”

#EXT-X-ENDLIST

When the client 110 wishes to playback the real-time
streaming content, it issues a request for the master manifest
to the proxy 106. The proxy 106, using information gathered
from the WFM 102, generates a master manifest for the client
110. In one embodiment, the proxy 106 accesses the master
manifest generated by the packager 104, which is placed by
the packager 104 in the CDNs 108. The master manifest
contains a list of URLs pointing to the different npvr mani-
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fests associated with the available variant stream encodings
(e.g., different bitrate/resolution audio/video and/or different
language audio and subtitles). In one embodiment, the infor-
mation gathered from the WFM 102 includes entitlement
information which limits the encodings included in the mas-
ter manifest (e.g., limiting bitrate/resolution based on a maxi-
mum allowable bitrate/resolution for the content, or for the
particular client 110, such as described in International Patent
Application Publication WO 2011/139305). The master
manifest is returned to the client 110 which then picks an
encoding for playback and issues a request to the proxy 106
for the variant stream manifest. The proxy 106 retrieves the
current npvr manifest from one of the CDNs 108, using for
example techniques shown in US Patent Application Publi-
cation US 2012/0240176. The proxy 106 then generates a
variant manifest based on the information in the retrieved
npvr manifest.

Depending on the current mode of playback, parsing of the
npvr manifest and generation of the variant manifest differs as
described below. The variant manifest is then returned to the
client 110.

1. Live Playback

If more than the necessary number of N segments (e.g., 3)
are available in the most recent npvr manifest, the proxy 106
will trim the beginning segments leaving only N segments
(adjusting the encryption key information accordingly, e.g.,
by selecting the last key specified before the current segment
and applying the proper IV as required, as should be familiar
to those skilled in the art) and return a sliding window mani-
fest to the client 110. Using the M3U8 manifest from the
previous example, assuming only the first 300 segments of
program Y have been processed by the packager 104, the
proxy 106 would generate the following manifest using the
last three segments:

#EXTM3U

#EXT-X-TARGETDURATION:10

#EXT-X-VERSION:4

#EXT-X-MEDIA-SEQUENCE:1297
#EXT-X-KEY:METHOD=AES-128,URI=http://localhost’key-100
HHEXT-AZK-SEG: TIME=*2013-02-01T19:04:30” KEY="key-
100”,RATING=“PG”

#EXTINF:10.0,
http://ednl.example.com/1/2013/02/01/002-Y/seg-01297.ts
HHEXT-AZK-SEG: TIME=*2013-02-01T19:04:40” KEY="key-
100”,RATING=“PG”

#EXTINF:10.0,
http://ednl.example.com/1/2013/02/01/002-Y/seg-01298.ts
HHEXT-AZK-SEG: TIME=*2013-02-01T19:04:50” KEY="key-
100”,RATING=“PG”

#EXTINF:10.0,
http://ednl.example.com/1/2013/02/01/002-Y/seg-01299.ts

If the most recent npvr manifest contains fewer than N
segments, the proxy 106 will use the previous npvr manifest
pointer to retrieve previous npvr manifest(s) and draw addi-
tional segments from previous npvr manifest(s) as necessary
to generate the sliding window manifest (adjusting the
encryption key information accordingly, e.g., by selecting the
last key specified before the current segment and applying the
proper IV as required, as should be familiar to those skilled in
the art) and return a sliding window manifest to the client 110.
Using the M3U8 manifest from the previous example, assum-
ing only the first segment of program Y have been processed
by the packager 104, the proxy 106 would generate the fol-
lowing manifest using the first segment from programY and
two segments from the previous program X:
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#EXTM3U

#EXT-X-TARGETDURATION:10

#EXT-X-VERSION:4

#EXT-X-MEDIA-SEQUENCE:998
#EXT-X-KEY:METHOD=AES-128 , URI=http:/localhost’key-99
#EXT-X-DISCONTINUITY:TYPE=“PGM”,PID="X"
HHEXT-AZK-SEG:TIME=2013-02-01T18:59:40” KEY="key-
99” RATING="PG-13”

#EXTINF:10.0,
http://ednl.example.com/1/2013/02/01/001-X/seg-00998.ts
HHEXT-AZK-SEG:TIME=*2013-02-01T18:59:50” KEY="key-
99” RATING="PG-13”

#EXTINF:10.0,
http://ednl.example.com/1/2013/02/01/001-X/seg-00999.ts
#EXT-X-KEY:METHOD=AES-128  URI=http:/localhost’key-100
#EXT-X-DISCONTINUITY:TYPE=“PGM”,PID="Y"
HHEXT-AZK-SEG:TIME=2013-02-01T19:00:00” KEY="key-
100”,RATING=“PG”

#EXTINF:10.0,
http://ednl.example.com/1/2013/02/01/002-Y/seg-01000.ts

2. Time-Shifted Playback (Pause, Rewind, Fast Forward)

When the client 110 wishes to pause or rewind while view-
ing real-time streaming content, or subsequently fast forward
after having paused or rewound while viewing real-time
streaming content, it issues a corresponding request to the
proxy 106. In one embodiment, the client 110 will restart the
media player. When the media player restarts it will issue new
requests for a master manifest and variant manifest. When the
proxy 106 receives the new manifest requests after restart, it
will generate new manifests based on the pause/rewind/fast
forward request. In another embodiment, the client 110 will
allow the media player to continue without restarting. In this
case, the media player will naturally request a new variant
manifest after the segment duration has elapsed, as should be
known to those skilled in the art.

In one embodiment, upon receiving a pause request, the
proxy 106 stores the current npvr manifest location, current
segment number and corresponding wall-clock timestamp for
the current segment. On the next manifest request, the proxy
106 uses the stored segment number to generate a sliding
window manifest for the client 110. In another embodiment,
the client 110 sends the wall-clock timestamp corresponding
to the pause request in the next manifest request. In one
embodiment, the wall-clock timestamp is calculated as the
wall-clock time corresponding to the video position of the last
playback action (i.e., start, pause, rewind, fast forward), plus
the duration of playback since the last playback action (e.g.,
based off of a free running timer or using presentation times-
tamp differentials from the media player). There are many
methods of tracking playback position and progress as should
be known to those skilled in the art, it should be understood
that any method for determining playback position (i.e., the
wall-clock time corresponding to the last playback action)
should be suitable for the current invention.

In one embodiment, the proxy 106 will find the next seg-
ment that follows the stored segment number (taking into
account program boundaries and using the next npvr manifest
pointer to resolve boundary crossings and adjusting encryp-
tion key information as necessary, e.g., by selecting the last
key specified before the current segment and applying the
proper IV as required, as should be familiar to those skilled in
the art) and generate the sliding window manifest. In another
embodiment, the proxy 106 will find the segment which has
the most recent associated wall-clock timestamp which is
beyond the saved wall-clock timestamp, or the wall-clock
timestamp included in the manifest request. Using the M3U8
manifest from the previous examples, assuming the client 110
was viewing the stream in real-time and had last been pre-
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sented with a sliding window manifest that ended in segment
seg-01100 when it requested a pause, and did not resume
playback for 2 minutes: the most current real-time segment
(assuming no short segments were generated, e.g., due to
advertisement boundary chopping) would be seg-01220, and
starting a new player would generate a sliding window mani-
fest containing segments seg-01220, seg-01219, and seg-
01218, however, the post-pause manifest generated by the
proxy 106 would contain segments seg-01099, seg-01100,
and seg-01101, allowing the client 110 to continue where it
left off. If the client 110 was not viewing the stream in real-
time, but had previously paused/rewound/fast forwarded, the
same principal would apply using the most recent segment
that had been presented to the client 110 media player.

In one embodiment, upon receiving a rewind request, the
proxy 106 uses the current segment number and correspond-
ing wall-clock timestamp for the current segment to calculate
a target wall-clock time based on the number of seconds the
user wishes to rewind. In another embodiment, the client 110
sends the wall-clock timestamp corresponding to the target
wall-clock time of the rewind operation in the next manifest
request. In one embodiment, the target wall-clock timestamp
is calculated as the wall-clock time corresponding to the
video position of the last playback action (i.e., start, pause,
rewind, fast forward), plus the duration of playback since the
last playback action (e.g., based off of a free running timer or
using presentation timestamp differentials from the media
player) minus the number of seconds the user wishes to
rewind. There are many methods of tracking playback posi-
tion and progress as should be known to those skilled in the
art, it should be understood that any method for determining
the target wall-clock time should be suitable for the current
invention.

Using the target wall-clock time, the proxy determines the
segment number corresponding to that wall-clock time by
searching the npvr manifest. In one embodiment, if the target
wall-clock time does not reside in the current npvr manifest,
the proxy 106 uses the previous npvr manifest pointers to find
the npvr manifest which contains the target segment corre-
sponding to the target wall-clock time by walking the npvr
manifest chain pointers until an npvr manifest is found which
contains the target wall-clock time. The proxy 106 then stores
the target-npvr manifest location along with the target seg-
ment number and corresponding target wall-clock time. In
another embodiment, the proxy 106 uses information pro-
vided by the WFM 102 to determine the npvr manifest asso-
ciated with the saved wall-clock timestamp, or the wall-clock
timestamp included in the manifest request. In one embodi-
ment, the proxy 106 periodically syncs npvr manifest infor-
mation from the WFM 102 (e.g., using streaming database
replication). In another embodiment, the proxy 106 retrieves
npvr manifest information from a shared distributed database
managed and updated by the WFM 102.

In one embodiment, the proxy 106 uses the stored target
segment number to generate a sliding window manifest for
the client 110 (taking into account program boundaries and
using the next npvr manifest pointer to resolve boundary
crossings and adjusting encryption key information as neces-
sary, e.g., by selecting the last key specified before the current
segment and applying the proper IV as required, as should be
familiar to those skilled in the art). In another embodiment,
the proxy 106 will find the segment which has the most recent
associated wall-clock timestamp which is beyond the saved
target wall-clock timestamp, or the target wall-clock times-
tamp included in the manifest request. Using the M3U8 mani-
fest from the previous examples, assuming the client 110 was
viewing the stream in real-time and had last been presented
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with a sliding window manifest that ended in segment seg-
01100 when it requested a rewind of 30 seconds. Normally
(assuming no short segments were generated, e.g., due to
advertisement boundary chopping), a subsequent manifest
request would generate a sliding window manifest containing
segments seg-01101, seg-01100, and seg-01099, however,
the post-rewind manifest generated by the proxy 106 would
contain segments seg-01097, seg-01096, and seg-01095,
allowing the client 110 to (re)view the previously rendered
content. If the client 110 was not viewing the stream in real-
time, but had previously paused/rewound/fast forwarded, the
same principal would apply using the most recent segment
that had been presented to the client 110 media player.

The fast forward operation is similar to rewind. In one
embodiment, upon receiving a fast forward request, the proxy
106 uses the current segment number and corresponding
wall-clock timestamp for the current segment to calculate a
target wall-clock based on the number of seconds the user
wishes to fast forward. In another embodiment, the client 110
sends the wall-clock timestamp corresponding to the target
wall-clock time of the fast forward operation in the next
manifest request. In one embodiment, the target wall-clock
timestamp is calculated as the wall-clock time corresponding
to the video position of the last playback action (i.e., start,
pause, rewind, fast forward), plus the duration of playback
since the last playback action (e.g., based off of a free running
timer or using presentation timestamp differentials from the
media player) plus the number of seconds the user wishes to
fast forward. There are many methods of tracking playback
position and progress as should be known to those skilled in
the art, it should be understood that any method for determin-
ing the target wall-clock time should be suitable for the cur-
rent invention.

Using the target wall-clock time, the proxy determines the
segment number corresponding to that wall-clock time by
searching the npvr manifest. In one embodiment, if the target
wall-clock time does not reside in the current npvr manifest,
the proxy 106 uses the next npvr manifest pointers to find the
npvr manifest which contains the target segment correspond-
ing to the target wall-clock time by walking the npvr manifest
chain pointers until an npvr manifest is found which contains
the target wall-clock time. The proxy 106 then stores the
target-npvr manifest location along with the target segment
number and corresponding target wall-clock time. In another
embodiment, the proxy 106 uses information provided by the
WFM 102 to determine the npvr manifest associated with the
saved wall-clock timestamp, or the wall-clock timestamp
included in the manifest request. In one embodiment, the
proxy 106 periodically syncs npvr manifest information from
the WFM 102 (e.g., using streaming database replication). In
another embodiment, the proxy 106 retrieves npvr manifest
information from a shared distributed database managed and
updated by the WFM 102.

In one embodiment, the proxy 106 uses the stored target
segment number to generate a sliding window manifest for
the client 110 (taking into account program boundaries and
using the next npvr manifest pointer to resolve boundary
crossings and adjusting encryption key information as neces-
sary, e.g., by selecting the last key specified before the current
segment and applying the proper IV as required, as should be
familiar to those skilled in the art). In another embodiment,
the proxy 106 will find the segment which has the most recent
associated wall-clock timestamp which is before the saved
target wall-clock timestamp, or the target wall-clock times-
tamp included in the manifest request. If the target wall-clock
time represents a wall-clock time in the future which is
beyond the wall-clock timestamp of the most recent segment
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generated by the packager 104, the proxy 106 switches back
to real-time viewing and generates a sliding window manifest
using the most recent N segments (taking into account pro-
gram boundaries and using the next npvr manifest pointer to
resolve boundary crossings and adjusting encryption key
information as necessary, e.g., by selecting the last key speci-
fied before the current segment and applying the proper IV as
required, as should be familiar to those skilled in the art).
Using the M3US8 manifest from the previous examples,
assuming the client 110 was viewing the stream after already
having paused or rewound, where the last sliding window
manifest presented to the client 110 media player ended in
segment seg-01100, and the most recent segment generated
by the packager 104 is seg-01200, when the client 110
requested a fast forward of 30 seconds. Without the fast
forward, a subsequent time-shifted manifest request would
generate a sliding window manifest containing segments seg-
01101, seg-01100, and seg-01099, however, the post-fast for-
ward manifest generated by the proxy 106 (assuming no short
segments were generated, e.g., due to advertisement bound-
ary chopping) would contain segments seg-01104, seg-
01103, and seg-01102, allowing the client 110 to skip ahead.
Inthe case of fast forward, the client 110 must not be viewing
the stream in real-time, as fast forwarding in real-time has no
effect.

3. Playback of Recorded Content (VOD)

In this section, the term “program” refers to both the con-
tent for a given npvr manifest as well as a unit of playback
requested by a client, which may be different. It will be clear
from context which meaning is intended.

When the client 110 wishes to playback a previously
recorded program which was recorded from a real-time con-
tent stream, it issues a request for the master and variant
manifests to the proxy 106. In processing the variant manifest
request, if the completed npvr manifest generated by the
packager 104 contains all the segments and key information
required for playback of the requested program, and only the
segments and key information for the requested program, the
proxy transparently returns the npvr manifest from the CDN
108 to the client 110.

If'a single completed npvr manifest generated by the pack-
ager 104 contains more than the necessary number of seg-
ments, the proxy 106 trims segments from the beginning and
end of the npvr manifest (adjusting the encryption key infor-
mation accordingly, e.g., by selecting the last key specified
before a given segment and applying the proper IV as
required, as should be familiar to those skilled in the art) to
create a manifest corresponding to the desired program and
return it to client 110. Using the M3U8 manifest from the
previous examples, we can trim two minutes from the begin-
ning and end of program Y to generate the following manifest:

#EXTM3U

#EXT-X-TARGETDURATION:10

#EXT-X-VERSION:4

#EXT-X-MEDIA-SEQUENCE:1120
#EXT-X-KEY:METHOD=AES-128,URI=http://localhost’key-100
#EXT-X-DISCONTINUITY:TYPE=“PGM”,PID=Y"”
HHEXT-AZK-SEG: TIME=*2013-02-01T19:02:00” KEY="key-
100”,RATING=“PG”

#EXTINF:10.0,
http://ednl.example.com/1/2013/02/01/002-Y/seg-01120.ts

HHEXT-AZK-SEG: TIME=*2013-02-01T19:08:00” KEY="key-
102”,RATING=“PG”

#EXTINF:10.0,
http://ednl.example.com/1/2013/02/01/002-Y/seg-01480.ts
#EXT-X-ENDLIST
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Ifthe program spans multiple npvr manifest files, the proxy
106 uses the next and/or previous npvr manifest pointers to
locate the necessary npvr manifest files, then concatenates the
segment information and trims off any excess segments from
the beginning and end (adjusting the encryption key informa-
tion accordingly, e.g., by selecting the last key specified
before a given segment and applying the proper IV as
required, as should be familiar to those skilled in the art) to
generate a manifest for the desired program to return to the
client 110. In one embodiment, the program boundaries are
defined by wall-clock timestamps. In one embodiment, the
start segment is determined to be the segment which contains
the starting wall-clock timestamp, while the end segment is
determined to be the segment which contains the ending
wall-clock timestamp. Using the M3U8 manifest from the
previous examples, we can draw an addition two minutes
from both the previous program X and the next program Z. to
generate the following manifest which spans three npvr mani-
fests (i.e., http:// ... /001-X, http:// . .. /002-Y, and http:// . . .
/003-7):

#EXTM3U

#EXT-X-TARGETDURATION:10

#EXT-X-VERSION:4

#EXT-X-MEDIA-SEQUENCE:880
#EXT-X-KEY:METHOD=AES-128 , URI=http:/localhost’key-99
#EXT-X-DISCONTINUITY:TYPE=“PGM”,PID="X"
HHEXT-AZK-SEG:TIME=*2013-02-01T18:58:00” KEY="key-
99” RATING="PG-13”

#EXTINF:10.0,
http://ednl.example.com/1/2013/02/01/001-X/seg-00880.ts

HHEXT-AZK-SEG:TIME=*2013-02-01T18:59:50” KEY="key-
99” RATING="PG-13”

#EXTINF:10.0,
http://ednl.example.com/1/2013/02/01/001-X/seg-00999.ts
#EXT-X-KEY:METHOD=AES-128  URI=http:/localhost’key-100
#EXT-X-DISCONTINUITY:TYPE=“PGM”,PID="Y"
HHEXT-AZK-SEG:TIME=2013-02-01T19:00:00” KEY="key-
100”,RATING=“PG”

#EXTINF:10.0,
http://ednl.example.com/1/2013/02/01/002-Y/seg-01000.ts

HHEXT-AZK-SEG:TIME=2013-02-01T19:10:00” KEY="key-
1027, RATING=“PG”

#EXTINF:10.0,
http://ednl.example.com/1/2013/02/01/002-Y/seg-01600.ts
#EXT-X-DISCONTINUITY:TYPE=“PGM”,PID="Z"
#EXT-X-KEY:METHOD=AES-128  URI=http:/localhost’key-103
HHEXT-AZK-SEG:TIME=*2013-02-01T19:10:10” KEY="key-
103”, RATING=“R”

#EXTINF:10.0,
http://ednl.example.com/1/2013/02/01/003-Z/seg-01601.ts

HHEXT-AZK-SEG:TIME=2013-02-01T19:12:10” KEY="key-
104” RATING=“PG”

#EXTINF:10.0,
http://cdnl.example.com/1/2013/02/01/003-Z/seg-01721.ts
#EXT-X-ENDLIST

In one embodiment, the base URLs for segments in the
variant manifest are modified to point to the proxy 106 where
segments are cached for off-line playback. In one embodi-
ment, the generated master and variant manifests for the
program are cached locally in the proxy 106 upon initial
retrieval from the CDN 108 and subsequently served from the
local cache. In one embodiment, the segments are pre-fetched
from the CDN 108 and subsequently served from the local
cache.

4. Advertisement Replacement

In one embodiment, if the npvr manifest contains adver-
tisement indicators, the proxy 106 may replace the original
advertisement from the source live content with an advertise-
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ment personalized for the individual viewing the content. In
one embodiment, the packager 104 inserts comments into the
npvr manifest denoting the position of advertisement bound-
aries, as shown for example in International Patent Applica-
tion Publication WO 2010/111261. In one embodiment, upon
detecting the comment in the npvr manifest of an upcoming
advertisement, the proxy 106 will issue a request to an adver-
tisement decision manager (ADM) 114 and the ADM 114
will respond with an alternate advertisement to render. In one
embodiment, the ADM 114 provides segment locations for an
alternate advertisement. In another embodiment, the proxy
106 requests the segment locations for the alternate advertise-
ment from the WFM 102. When the proxy 106 generates the
manifest file to present to the client 110 media player, it will
replace the segment URLs from the npvr manifest, with the
segment URLs for the alternate advertisement.

Extending the previous live playback example, the proxy
106 would generate a series of manifests as follows, replacing
segments 1006 through 1008 with alternate advertisement
segments (adjusting the encryption key information accord-
ingly, e.g., by selecting the last key specified before a given
segment and applying the proper IV as required, as should be
familiar to those skilled in the art):

#EXTM3U

#EXT-X-TARGETDURATION:10

#EXT-X-VERSION:4

#EXT-X-MEDIA-SEQUENCE:1004
#EXT-X-KEY:METHOD=AES-128,URI=http://localhost/key-
100,IV=0x3ec

#H#EXT-AZK-SEG: TIME="2013-02-01T19:00:40” KEY="key-
100”,RATING="PG”

#EXTINF:10.0,
http://ednl.example.com/1/2013/02/01/002-Y/seg-01004.ts
#EXT-X-KEY:METHOD=AES-128,URI=http://localhost/key-
100,IV=0x3ed

#H#EXT-AZK-SEG: TIME="2013-02-01T19:00:50” KEY="key-
100”,RATING="PG”

#EXTINF:10.0,
http://ednl.example.com/1/2013/02/01/002-Y/seg-01005.ts
#EXT-X-KEY:METHOD=AES-128,URI=http://localhost/key-ad-
1,IV=0x1

#EXT-X-DISCONTINUITY:TYPE="POP”

#H#EXT-AZK-SEG: TIME="2013-02-01T19:01:00” KEY="key-ad-
1”,RATING="PG”

#EXTINF:10.0,
http://cdnl.example.com/alternate/advertisement/seg-00001.ts
#EXTM3U

#EXT-X-TARGETDURATION:10

#EXT-X-VERSION:4

#EXT-X-MEDIA-SEQUENCE:1005
#EXT-X-KEY:METHOD=AES-128,URI=http://localhost/key-100
#EXT-X-KEY:METHOD=AES-128,URI=http://localhost/key-
100,IV=0x3ed

#H#EXT-AZK-SEG: TIME="2013-02-01T19:00:50” KEY="key-
100”,RATING="PG”

#EXTINF:10.0,
http://ednl.example.com/1/2013/02/01/002-Y/seg-01005.ts
#EXT-X-KEY:METHOD=AES-128,URI=http://localhost/key-ad-
1,IV=0x1

#EXT-X-DISCONTINUITY:TYPE="POP”

#H#EXT-AZK-SEG: TIME="2013-02-01T19:01:00” KEY="key-ad-
1”,RATING="PG”

#EXTINF:10.0,
http://cdnl.example.com/alternate/advertisement/seg-00001.ts
#EXT-X-KEY:METHOD=AES-128,URI=http://localhost/key-ad-
1,IV=0x2

#H#EXT-AZK-SEG: TIME="2013-02-01T19:01:10” KEY="key-ad-
1”,RATING="PG”

#EXTINF:10.0,
http://cdnl.example.com/alternate/advertisement/seg-00002.ts
#EXTM3U

#EXT-X-TARGETDURATION:10

#EXT-X-VERSION:4

#EXT-X-MEDIA-SEQUENCE:1
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-continued

#EXT-X-KEY:METHOD=AES-128,URI=http://localhost/key-ad-
1,IV=0x1

#HEXT-AZK-SEG:TIME=2013-02-01T19:01:00” KEY="key-ad-
17 RATING="PG”

#EXTINF:10.0,
http://cdnl.example.com/alternate/advertisement/seg-00001.ts
#EXT-X-KEY:METHOD=AES-128,URI=http://localhost/key-ad-
1,IV=0x2

#HEXT-AZK-SEG:TIME=2013-02-01T19:01:10” KEY="key-ad-
17 RATING="PG”

#EXTINF:10.0,
http://cdnl.example.com/alternate/advertisement/seg-00002.ts
#EXT-X-KEY:METHOD=AES-128,URI=http://localhost/key-ad-
1,IV=0x3

HHEXT-AZK-SEG:TIME=2013-02-01T19:01:20” KEY="key-ad-
17 RATING="PG”

#EXTINF:10.0,
http://cdnl.example.com/alternate/advertisement/seg-00003.ts
#EXTM3U

#EXT-X-TARGETDURATION:10

#EXT-X-VERSION:4

#EXT-X-MEDIA-SEQUENCE:2
#EXT-X-KEY:METHOD=AES-128,URI=http://localhost/key-ad-
1,IV=0x2

#HEXT-AZK-SEG:TIME=2013-02-01T19:01:10” KEY="key-ad-
17 RATING="PG”

#EXTINF:10.0,
http://cdnl.example.com/alternate/advertisement/seg-00002.ts
#EXT-X-KEY:METHOD=AES-128,URI=http://localhost/key-ad-
1,IV=0x3

HHEXT-AZK-SEG:TIME=2013-02-01T19:01:20” KEY="key-ad-
17 RATING="PG”

#EXTINF:10.0,
http://cdnl.example.com/alternate/advertisement/seg-00003.ts
#EXT-X-KEY:METHOD=AES-128 , URI=http:/localhost’key-
100,IV=0x3f1

#EXT-X-KEY:METHOD=AES-128  URI=http:/localhost’key-100
#EXT-X-DISCONTINUITY:TYPE=“PIP”
#HEXT-AZK-SEG:TIME=2013-02-01T19:01:30” KEY="key-
100”,RATING=“PG”

#EXTINF:10.0,
http://ednl.example.com/1/2013/02/01/002-Y/seg-01009.ts

In one embodiment, the proxy 106 is provided with a
plurality of ADM servers 114 by the WFM 102. In one
embodiment, the preferred ADM 114 selected by the proxy
106 is based on a simple round robin scheme. In another
embodiment, priorities for each ADM 114 are provided by the
WFM 102 and the proxy 106 selects the preferred ADM 114
using a weighted round robin scheme. In another embodi-
ment, the proxy 106 selects the preferred ADM 114 based on
random selection. There are many algorithms for selecting a
preferred server from a list of servers, as should be known to
those skilled in the art. It should be understood that any
method for selecting a preferred ADM 114 should be consid-
ered valid for use with the current invention.

In FIG. 2 is a block diagram for another embodiment.
System 200 is identical to system 100 with the exception of
proxy 106 which is embedded within client 110.

In FIG. 3 is a flow chart for a process 300 performed at a
packager 104 for processing real-time streaming content and
generating npvr manifests for use in real-time, time-shifted,
or VoD playback.

In step 302, the packager 104 processes a next segment,
where the segment is compiled from transcoded real-time
streaming input. In one embodiment, the segment is gener-
ated to be of a fixed target duration. In one embodiment, the
segment may be shorter than the fixed target duration, e.g., the
last segment before a program boundary or an advertisement
boundary may be shortened so that the first segment after the
program or advertisement boundary starts on a new segment
boundary. In one embodiment, program boundary informa-
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tion and/or advertisement boundary information is provided
in-band via SCTE-35 cue tones. In another embodiment,
program boundary information and/or advertisement bound-
ary information is provided out-of-band via SCTE-118,
SCTE-130, or other proprietary signaling protocols. There
are numerous ways to signal program boundary information
and/or advertisement boundary information, as should be
known to those skilled in the art. It should be understood that
any method for detecting program boundary information and/
or advertisement boundary information should be considered
valid for use with the current invention.

In step 304, the packager 104 checks to see if a program
boundary or an advertisement boundary has been reached. If
aprogram boundary or an advertisement boundary has not yet
been reached, processing continues to step 308 where the
current npvr manifest is updated with the new segment infor-
mation and uploaded to the CDN(s) 108 after the new seg-
ment is uploaded the CDN(s) 108. If a program boundary or
anadvertisement boundary has been reached, processing con-
tinues to step 306 where the packager creates new directories
in the CDN(s) 108 for the next program, updates the current
npvr manifest with the new segment information, completes
the current npvr manifest by adding a next npvr manifest
pointer and ENDLIST tag, and creates a new npvr manifest
file for the new program, before proceeding to step 308,
where the segment and both manifests (current and new) are
uploaded to the CDN(s) 108.

InFIG. 4is a flow chart describing a process 400 performed
at a proxy 106 for generating sliding window manifest files
for the client 110 for real-time playback of real-time stream-
ing content.

In step 402, the proxy 106 receives a request from client
110 for the master manifest. The master manifest contains a
list of variant manifest URLs corresponding to different avail-
able encodings (e.g., different bitrate/resolution audio/video
and/or different language audio and subtitles). In one embodi-
ment, the variant manifest URLs point to back to the proxy
106. In one embodiment, the variant manifest URLs contain
the wall clock timestamp of the master manifest request. In
one embodiment, the proxy 106 determines the available
bitrates based on information provided by the WFM 102. In
another embodiment, the proxy 106 determines the available
bitrates based on the master manifest produced by the pack-
ager 104 and placed in the CDNs 108. In one embodiment, the
proxy 106 determines a subset of bitrates to present to the
client 110. In one embodiment, the set of bitrates is deter-
mined based on user restrictions configured for client 110 by
the WFM 102. In another embodiment, the set of bitrates is
determined based on network restrictions provided by the
WFEFM 102. In another embodiment, the set of bitrates is
determined based on the current network load estimated by
the proxy 106 based on the aggregate number of manifest
requests and their corresponding bitrates seen within a given
time window (e.g., the last 30 seconds). Techniques for these
operations are described in International Patent Application
Publication WO 2011/139305). The proxy 106 returns the
master manifest to the client 110 and proceeds to step 404.

In step 404, the proxy 106 receives a variant manifest
request from the client 110, for a specific bitrate. In one
embodiment, the proxy 106 chooses a CDN 108 from which
the client 110 should retrieve segments. In one embodiment,
the CDN 108 is selected based on a strict prioritization pro-
vided by the WFM 102. In another embodiment, the CDN 108
is selected based on a round-robin or weighted round-robin
scheme where the weights are provided by the WFM 102. In
another embodiment, the CDN 108 is selected based on
aggregate latency measurements for manifest and/or segment
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retrievals performed by the proxy 106 within a given time
window (e.g., the last 30 seconds). In another embodiment,
the CDN 108 is selected based on aggregate bandwidth mea-
surements for manifest and/or segment retrievals performed
by the proxy 106 within a given time window (e.g., the last 30
seconds). Techniques for CDN selection are described in US
Patent Application Publication US 2012/0240176. In one
embodiment, the proxy 106 chooses a bitrate to serve to the
client 110, where the bitrate may be lower than the bitrate
requested by the client 110. In one embodiment, the bitrates is
determined based on user restrictions configured for client
110 by the WFM 102. In another embodiment, the bitrate is
determined based on network restrictions provided by the
WFM 102. Techniques for bitrate selection are described in
International Patent Application Publication WO 2011/
139305. In another embodiment, the bitrate is determined
based on the current network load estimated by the proxy 106
based on the aggregate number of manifest requests and their
corresponding bitrates seen within a given time window (e.g.,
the last 30 seconds). In another embodiment, the bitrate is
selected based on aggregate latency measurements for mani-
fest and/or segment retrievals from the CDN 108 performed
by the proxy 106 within a given time window (e.g., the last 30
seconds). In another embodiment, the bitrate is selected based
on aggregate bandwidth measurements for manifest and/or
segment retrievals from the CDN 108 performed by the proxy
106 within a given time window (e.g., the last 30 seconds).

In step 404, the proxy 106 also determines the segment
range required to fulfill the request. In one embodiment, the
proxy 106 stores the segment range from the previous mani-
fest request, or from the previous playback action (i.e., pause,
play, rewind, fast forward). In another embodiment, the client
110 provides a target wall-clock time for the previous play-
back action (i.e., pause, play, rewind, fast forward). In one
embodiment, the client 110 restarts the media player on each
playback action which results in new master manifest
requests, which results in new variant manifest URLs gener-
ated with the current wall-clock time for that playback action.
In another embodiment, the wall-clock timestamp is calcu-
lated by the client 110 as the wall-clock time corresponding to
the video position of the last playback action (i.e., start, pause,
rewind, fast forward), plus the duration of playback since the
last playback action (e.g., based off of a free running timer or
using presentation timestamp differentials from the media
player) plus or minus the number of seconds the user wishes
to either fast forward or rewind, respectively. There are many
methods of tracking playback position and progress as should
be known to those skilled in the art, it should be understood
that any method for determining the target wall-clock time
should be suitable for the current invention.

Once the segment range is determined and the bitrate and
CDN have been selected, processing continues to step 416
where the proxy 106 checks to see if the already cached npvr
manifest files contain the necessary segment information to
fulfill the request. Ifthe already cached npvr manifest files do
not contain the necessary segment information, processing
continues to step 418 where the proxy 106 retrieves the
needed npvr manifest file. If the client 110 is currently play-
ing the real-time streaming content, the proxy 106 retrieves
the most recent npvr manifest from the selected CDN 108 for
the selected bitrate. In one embodiment, the proxy 106
retrieves only the portion of the most recent npvr manifest
that it does not already have cached. In one embodiment, the
proxy 106 uses an HTTP range request to retrieve only those
bytes starting from one greater than the last byte previously
retrieved until the current end of file. Otherwise, if the client
110 is not currently playing the real-time streaming content,
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the location of the needed npvr manifest must be determined.
In one embodiment, the proxy 106 uses the next npvr mani-
fest pointers to find the npvr manifest which contains the
target segment corresponding to the target wall-clock time by
walking the npvr manifest chain pointers until an npvr mani-
fest is found which contains the target wall-clock time. This
may require retrieving multiple npvr manifest files from the
selected CDN 108. In another embodiment, the proxy 106
uses information provided by the WFM 102 to determine the
npvr manifest associated with the target wall-clock time. In
one embodiment, the proxy 106 periodically syncs npvr
manifest information from the WFM 102 (e.g., using stream-
ing database replication). In another embodiment, the proxy
106 retrieves npvr manifest information from a shared dis-
tributed database managed and updated by the WFM 102.
Once the need npvr manifest location is determined, the
proxy 106 retrieves the needed npvr manifest from the
selected CDN 108 for the selected bitrate.

If'the necessary segments were found locally cached in step
416 processing continues directly to step 410. Otherwise,
after retrieving the needed npvr manifest, processing contin-
ues to step 410 where the proxy 106 checks to see if sufficient
segments exist in the current npvr manifest to generate the
sliding window manifest. If insufficient segments exist, pro-
cessing continues to step 412, where the proxy 106 uses the
previous npvr manifest to get the requisite number of seg-
ments (e.g., three) to generate the sliding window manifest. If
the previous npvr manifest is not locally cached, the proxy
106 retrieves the previous npvr manifest using the previous
npvr manifest pointer URL. In one embodiment, the proxy
106 always caches the two most recent npvr manifest files so
that it can easily handle boundary crossing conditions. In one
embodiment, the proxy 106 caches all previously down-
loaded completed npvr manifest files.

If the necessary segments were found in the current mani-
fest in step 410 processing continues directly to step 406.
Otherwise, after consulting the previous npvr manifest, pro-
cessing continues to step 406 where the proxy 106 checks to
see if current npvr manifest is now complete. If the current
npvr manifest is complete, processing continues to step 408.
Inone embodiment, the proxy 106 maintains session state and
updates the current manifest to be the next npvr manifest
indicated by the next npvr manifest pointer, before continuing
to step 414. If the npvr manifest was not complete in step 406,
processing continues directly to step 414.

In step 414, the proxy 106 generates a sliding window
manifest containing the selected N segments and returns it to
the client 110. In one embodiment, if the current sliding
window manifest contains advertisement segments, when
generating the sliding window manifest in step 414, the proxy
106 replaces the segments specified in the npvr manifest with
alternate advertisement segments. In one embodiment, the
proxy 106 detects an upcoming advertisement based on com-
ments in the npvr manifest. In one embodiment, the proxy 106
issues a request to the ADM 114 to determine which alternate
advertisement to present to the client 110. In one embodi-
ment, the alternate advertisement segment locations are
specified by the ADM 114. In another embodiment, the proxy
106 retrieves the alternate advertisement segment locations,
for the alternate advertisement specified by the ADM 114,
from the WFM 102.

In FIGS. 5A and 5B are flow charts describing processes
500A and 500B performed at a proxy 106 for handling play-
back action requests (i.e., pause, play, rewind, and fast for-
ward) from the client 110 to enable time-shifted payback of
real-time streaming content. As noted previously, each of
these playback actions is followed by a new manifest request
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generated by the client 110 media player, substantially imme-
diately for rewind and fast forward and upon resumption of
playback in the case of a pause. In one embodiment shown in
FIG. 5A, the playback action request is a direct API call into
the proxy 106. In another embodiment shown in FIG. 5B, the
playback action is handled in the client 110, and the client 110
generates a target wall-clock timestamp corresponding to the
target playback position of the playback action (i.e., play after
pause, rewind, or fast forward). In one embodiment, the play
after pause target wall-clock timestamp is calculated as the
wall-clock time corresponding to the video position of the last
playback action (i.e., start, pause, rewind, fast forward), plus
the duration of playback since the last playback action (e.g.,
based off of a free running timer or using presentation times-
tamp differentials from the media player). In one embodi-
ment, rewind target wall-clock timestamp is calculated as the
wall-clock time corresponding to the video position of the last
playback action (i.e., start, pause, rewind, fast forward), plus
the duration of playback since the last playback action (e.g.,
based off of a free running timer or using presentation times-
tamp differentials from the media player) minus the number
of seconds the user wishes to rewind. In one embodiment, fast
forward target wall-clock timestamp is calculated as the wall-
clock time corresponding to the video position of the last
playback action (i.e., start, pause, rewind, fast forward), plus
the duration of playback since the last playback action (e.g.,
based off of a free running timer or using presentation times-
tamp differentials from the media player) plus the number of
seconds the user wishes to fast forward. There are many
methods of tracking playback position and progress as should
be known to those skilled in the art, it should be understood
that any method for determining playback position (i.e., the
wall-clock time corresponding to the last playback action)
should be suitable for the current invention, for use in calcu-
lating target wall-clock timestamps.

Process 500A begins with step 502 where the proxy 106
receives a time-shift request (i.e., pause, fast forward, or
rewind) from the client 110. Processing then continues to step
508 where the proxy 106 checks to see if the time-shift
request was a pause request. If the request was a pause
request, processing continues to step 510 where the proxy 106
notes the most recent segment served to the client 110 (and the
segment’s associated wall-clock timestamp) and then pro-
ceeds to step 526. In one embodiment, the proxy 106 main-
tains session state regarding whether or not the client 110 is
currently viewing the real-time streaming content (denoted
by a live streaming flag set to true) or whether the client 110
is timeshifted (denoted by a live streaming flag set to false).
When a pause operation occurs, the live streaming flag is set
to false.

Ifthe request was not a pause request, processing continues
to step 512 where the proxy 106 checks to see if the time-shift
request was a rewind request. If the request was a rewind
request, processing continues to step 514 where the proxy 106
notes the wall-clock timestamp of the most recent segment
served to the client 110, calculates a rewind target wall-clock
time for the next segment to serve to the client 110 by sub-
tracting the rewind distance from the most recent segment’s
associated wall-clock timestamp, searches backward in the
current npvr manifest for the segment which corresponds to
the rewind target timestamp (downloading additional npvr
manifest files as necessary to search additional npvr mani-
fests for rewind requests which span program boundaries),
and notes the rewind target segment along with the rewind
target timestamp, then proceeds to step 526. In one embodi-
ment, if the rewind target wall-clock time does not reside in
the current npvr manifest, the proxy 106 uses the previous
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npvr manifest pointers to find the npvr manifest which con-
tains the target segment corresponding to the rewind target
wall-clock time by walking the npvr manifest chain pointers
until an npvr manifest is found which contains the rewind
target wall-clock time. In another embodiment, the proxy 106
uses information provided by the WFM 102 to determine the
npvr manifest associated with the rewind target wall-clock
timestamp. In one embodiment, the proxy 106 periodically
syncs npvr manifest information from the WFM 102 (e.g.,
using streaming database replication). In another embodi-
ment, the proxy 106 retrieves npvr manifest information from
a shared distributed database managed and updated by the
WFM 102. In one embodiment, the proxy 106 maintains
session state regarding whether or not the client 110 is cur-
rently viewing the real-time streaming content (denoted by a
live streaming flag set to true) or whether the client 110 is
timeshifted (denoted by a live streaming flag set to false).
When a rewind operation occurs, the live streaming flag is set
to false.

If the request was not a rewind request, processing contin-
ues to step 516 where the proxy 106 checks to see if the
time-shift request is a fast forward request. If the request was
not a fast forward request, processing continues to step 524
where an “unknown action” error is generated. In the illus-
trated embodiment an error can be inferred because only
pause, fast forward, and rewind are supported. Other error-
detection logic may be employed in alternative embodiments,
especially those having additional valid, non-error request
types. If at 516 the request is a fast forward request, process-
ing continues to step 518 where the proxy 106 notes the
wall-clock timestamp of the most recent segment served to
the client 110, calculates a fast forward wall-clock target time
for the next segment to serve to the client 110 by adding the
fast forward distance to the most recent segment’s associated
wall-clock timestamp, and checks to see if the fast forward
target wall-clock time is in the future, i.e., beyond the times-
tamp of the most recent real-time segment generated by the
packager 104. If the fast forward target time is in the future,
i.e., beyond the timestamp of the most recent real-time seg-
ment generated by the packager 104, processing continues to
step 522 where the proxy 106 generates a real-time streaming
variant manifest using the most recent N segments from the
most recent npvr manifest generated by the packager 104. In
one embodiment, the proxy 106 maintains session state
regarding whether or not the client 110 is currently viewing
the real-time streaming content (denoted by a live streaming
flag set to true). If the live streaming flag is already set in step
522, there is nothing that needs to be done. If the live stream-
ing flag is not already set in step 522, the live streaming flag
is set so that subsequent fast forward requests may be ignored.

If at 518 the fast forward target time is still within the range
of already processed segments, processing continues to step
520 where the proxy 106 searches forward in the current npvr
manifest for the segment which corresponds to the fast for-
ward target timestamp (downloading additional npvr mani-
fest files as necessary to search additional npvr manifests for
fast forward requests which span program boundaries), and
then proceeds to step 526. In one embodiment, if the fast
forward target wall-clock time does not reside in the current
npvr manifest, the proxy 106 uses the next npvr manifest
pointers to find the npvr manifest which contains the target
segment corresponding to the fast forward target wall-clock
time by walking the npvr manifest chain pointers until an npvr
manifest is found which contains the fast forward target wall-
clock time. In another embodiment, the proxy 106 uses infor-
mation provided by the WFM 102 to determine the npvr
manifest associated with the fast forward target wall-clock
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timestamp. In one embodiment, the proxy 106 periodically
syncs npvr manifest information from the WFM 102 (e.g.,
using streaming database replication). In another embodi-
ment, the proxy 106 retrieves npvr manifest information from
a shared distributed database managed and updated by the
WFM 102. In one embodiment, the proxy 106 maintains
session state regarding whether or not the client 110 is cur-
rently viewing the real-time streaming content (denoted by a
live streaming flag set to true) or whether the client 110 is
timeshifted (denoted by a live streaming flag set to false).
When a fast forward operation occurs that does not result in
resuming the real-time stream, the live streaming flag should
already be set to false, but may be reset to false for good
measure.

In step 526, the proxy 106 receives a variant manifest
request from the client 110, for a specific bitrate. In one
embodiment, the proxy 106 chooses a CDN 108 from which
the client 110 should retrieve segments. In one embodiment,
the CDN 108 is selected based on a strict prioritization pro-
vided by the WFM 102. In another embodiment, the CDN 108
is selected based on a round-robin or weighted round-robin
scheme where the weights are provided by the WFM 102. In
another embodiment, the CDN 108 is selected based on
aggregate latency measurements for manifest and/or segment
retrievals performed by the proxy 106 within a given time
window (e.g., the last 30 seconds). In another embodiment,
the CDN 108 is selected based on aggregate bandwidth mea-
surements for manifest and/or segment retrievals performed
by the proxy 106 within a given time window (e.g., the last 30
seconds). In one embodiment, the proxy 106 chooses a bitrate
to serve to the client 110, where the bitrate may be lower than
the bitrate requested by the client 110. In one embodiment,
the bitrates is determined based on user restrictions config-
ured for client 110 by the WFM 102. In another embodiment,
the bitrate is determined based on network restrictions pro-
vided by the WFM 102. In another embodiment, the bitrate is
determined based on the current network load estimated by
the proxy 106 based on the aggregate number of manifest
requests and their corresponding bitrates seen within a given
time window (e.g., the last 30 seconds). In another embodi-
ment, the bitrate is selected based on aggregate latency mea-
surements for manifest and/or segment retrievals from the
CDN 108 performed by the proxy 106 within a given time
window (e.g., the last 30 seconds). In another embodiment,
the bitrate is selected based on aggregate bandwidth measure-
ments for manifest and/or segment retrievals from the CDN
108 performed by the proxy 106 within a given time window
(e.g., the last 30 seconds).

The proxy 106 generates a sliding window manifest for the
selected bitrate and CDN 108 working backward from the
target segment determined in either step 510,514, or 520. The
proxy 106 returns the sliding window manifest to the client
110 and waits for a new request. For subsequent variant
manifest requests, processing proceeds back to step 526
where the proxy 106 increments the target segment (follow-
ing next npvr manifest pointers for increments which span
program boundaries) and generates an updated sliding win-
dow variant manifest to return to the client 110. In one
embodiment, if the sliding window manifest corresponding to
the target time contains advertisement segments, when gen-
erating the sliding window manifest in step 526, the proxy
106 replaces the segments specified in the npvr manifest with
alternate advertisement segments. In one embodiment, the
proxy 106 detects an upcoming advertisement based on com-
ments in the npvr manifest. In one embodiment, the proxy 106
issues a request to the ADM 114 to determine which alternate
advertisement to present to the client 110. In one embodi-
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ment, the proxy 106 optimizes requests to the ADM 114 if the
target segment is an advertisement segment, by retrieving the
npvr manifest for the target segment, determining if adver-
tisement segments are required, and issuing the request to the
ADM 114 in step 510, 514, or 520, prior to receiving the
variant manifest request in step 526. In one embodiment, the
alternate advertisement segment locations are specified by
the ADM 114. In another embodiment, the proxy 106
retrieves the alternate advertisement segment locations, for
the alternate advertisement specified by the ADM 114, from
the WFM 102.

It should be noted that the playback action API call which
triggers the process in step 502 may be independent and
asynchronous from the process of handling variant manifest
requests in step 526. Though it is drawn as a single process in
FIG. 5A, the steps 502-524 represent the process for changing
the state (i.e., the target segment) used by the manifest gen-
eration task described in step 526. In one embodiment, the
process in steps 502-524 forces a restart or reinitialization of
the manifest generation task in step 526, which effectively
makes step 526 a dependent step in process 500A. In another
embodiment, the process in steps 502-524 simply update the
current segment and current npvr manifest variables of an
independent manifest generation task (e.g., a separate oper-
ating system thread or operating system process) in step 526.

Turning now to FIG. 5B, process 500B begins with step
550, where the client 110 receives a time-shift request (i.e.,
pause, fast forward, or rewind) from the user. Processing then
continues to step 558 where the client 110 checks to see if the
time-shift request was a pause request. If the request was a
pause request, processing continues to step 560 where the
proxy 106 notes the current playback wall-clock timestamp
and then proceeds to step 576. In one embodiment, the current
playback wall-clock timestamp is calculated as the wall-
clock time corresponding to the video position of the last
playback action (i.e., start, pause, rewind, fast forward), plus
the duration of playback since the last playback action (e.g.,
based off of a free running timer or using presentation times-
tamp differentials from the media player). There are many
methods of tracking playback position and progress as should
be known to those skilled in the art, it should be understood
that any method for determining playback position (i.e., the
wall-clock time corresponding to the last playback action)
should be suitable for the current invention, for use in calcu-
lating current playback wall-clock timestamp. In one
embodiment, the client 110 maintains session state regarding
whether or not the user is currently viewing the real-time
streaming content (denoted by a live streaming flag set to
true) or whether the user is timeshifted (denoted by a live
streaming flag set to false). When a pause operation occurs,
the live streaming flag is set to false.

If at 558 the request was not a pause request, processing
continues to step 562 where the client 110 checks to see if the
time-shift request was a rewind request. If the request was a
rewind request, processing continues to step 564 where the
client 110 calculates a rewind target wall-clock time by sub-
tracting the rewind distance from the current playback wall-
clock timestamp, then proceeds to step 576. In one embodi-
ment, the current playback wall-clock timestamp is
calculated as the wall-clock time corresponding to the video
position of the last playback action (i.e., start, pause, rewind,
fast forward), plus the duration of playback since the last
playback action (e.g., based off of a free running timer or
using presentation timestamp differentials from the media
player). There are many methods of tracking playback posi-
tion and progress as should be known to those skilled in the
art, it should be understood that any method for determining
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playback position (i.e., the wall-clock time corresponding to
the last playback action) should be suitable for the current
invention, for use in calculating current playback wall-clock
timestamp. In one embodiment, the client 110 maintains ses-
sion state regarding whether or not the user is currently view-
ing the real-time streaming content (denoted by a live stream-
ing flag set to true) or whether the client 110 is timeshifted
(denoted by a live streaming flag set to false). When a rewind
operation occurs, the live streaming flag is set to false.

If at 562 the request was not a rewind request, processing
continues to step 566 where the proxy 106 checks to see if the
time-shift request was a fast forward request. If the request
was not a fast forward request, processing continues to step
574 where an “unknown action” error is generated, as only
pause, fast forward, and rewind are supported in the illus-
trated embodiment. As for process 500A, other error logic
may be employed in embodiments supporting additional
valid, non-error request types. If at 566 the request was a fast
forward request, processing continues to step 568 where the
client 110 calculates a fast forward wall-clock target time by
adding the fast forward distance to the current playback wall-
clock timestamp. In one embodiment, the current playback
wall-clock timestamp is calculated as the wall-clock time
corresponding to the video position of the last playback
action (i.e., start, pause, rewind, fast forward), plus the dura-
tion of playback since the last playback action (e.g., based off
of a free running timer or using presentation timestamp dif-
ferentials from the media player). There are many methods of
tracking playback position and progress as should be known
to those skilled in the art, it should be understood that any
method for determining playback position (i.e., the wall-
clock time corresponding to the last playback action) should
be suitable for the current invention, for use in calculating
current playback wall-clock timestamp. The client also
checks to see ifthe fast forward target wall-clock time is in the
future, i.e., beyond the current wall-clock time of the client
110 operating system. Ifthe fast forward target time is not the
future, i.e., before the current wall-clock time of the client 110
operating system, processing continues to step 576. [fthe fast
forward target time is the future, i.e., beyond the current
wall-clock time of the client 110 operating system, process-
ing continues to step 578, where the client 110 checks to see
if the user is already viewing the real-time streaming content.
In one embodiment, the client 110 maintains session state
regarding whether or not the user is currently viewing the
real-time streaming content (denoted by a live streaming flag
set to true). In another embodiment, the client 110 always
assumes the user is not currently viewing the real-time
streaming content (denoted by a live streaming flag set to
false). When a fast forward operation occurs that does not
result in resuming the real-time stream, the live streaming flag
should already be set to false, but may be reset to false for
good measure.

In step 572, the live streaming flag is already set to true,
then there is no reason to try to resume playback of the
real-time streaming content, since the user is already viewing
the real-time streaming content, so processing continues to
step 580 where the client 110 ignores the request. If the live
streaming flag not set to true, processing continues to step 572
where the client 110 sets the target wall-clock timestamp
equal to the current wall-clock time of the client 110 operat-
ing system and the live streaming flag is set to true. Processing
then continues to step 576.

In step 576, the client 110 resets the media player and
restarts it with a new master manifest request URL containing
the new target wall-clock timestamp, to be handled by the
proxy 106.
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InFIG. 6 is a flow chart describing a process 600 performed
ata proxy 106 for generating VoD manifest files for playback
of previously recorded real-time content. In step 602, the
proxy 106 receives a request from client 110 for the master
manifest. The master manifest contains a list of variant mani-
fest files corresponding to different available bitrates. In one
embodiment, the proxy 106 determines the available bitrates
based on information provided by the WFM 102. In another
embodiment, the proxy 106 determines the available bitrates
based on the master manifest produced by the packager 104
and placed in the CDN 108. In one embodiment, the proxy
106 determines a subset of bitrates to present to the client 110.
In one embodiment, the set of bitrates is determined based on
user restrictions configured for client 110 by the WFM 102. In
another embodiment, the set of bitrates is determined based
on network restrictions provided by the WFM 102. In another
embodiment, the set of bitrates is determined based on the
current network load estimated by the proxy 106 based on the
aggregate number of manifest requests and their correspond-
ing bitrates seen within a given time window (e.g., the last 30
seconds). The proxy 106 returns the master manifest to the
client 110 and proceeds to step 604.

In step 604, the proxy 106 receives a variant manifest
request from the client 110, for a specific bitrate. In one
embodiment, the proxy 106 chooses a CDN 108 from which
the client 110 should retrieve segments. In one embodiment,
the CDN 108 is selected based on a strict prioritization pro-
vided by the WFM 102. In another embodiment, the CDN 108
is selected based on a round-robin or weighted round-robin
scheme where the weights are provided by the WFM 102. In
another embodiment, the CDN 108 is selected based on
aggregate latency measurements for manifest and/or segment
retrievals performed by the proxy 106 within a given time
window (e.g., the last 30 seconds). In another embodiment,
the CDN 108 is selected based on aggregate bandwidth mea-
surements for manifest and/or segment retrievals performed
by the proxy 106 within a given time window (e.g., the last 30
seconds). In one embodiment, the proxy 106 chooses a bitrate
to serve to the client 110, where the bitrate may be lower than
the bitrate requested by the client 110. In one embodiment,
the bitrates is determined based on user restrictions config-
ured for client 110 by the WFM 102. In another embodiment,
the bitrate is determined based on network restrictions pro-
vided by the WFM 102. In another embodiment, the bitrate is
determined based on the current network load estimated by
the proxy 106 based on the aggregate number of manifest
requests and their corresponding bitrates seen within a given
time window (e.g., the last 30 seconds). In another embodi-
ment, the bitrate is selected based on aggregate latency mea-
surements for manifest and/or segment retrievals from the
CDN 108 performed by the proxy 106 within a given time
window (e.g., the last 30 seconds). In another embodiment,
the bitrate is selected based on aggregate bandwidth measure-
ments for manifest and/or segment retrievals from the CDN
108 performed by the proxy 106 within a given time window
(e.g., the last 30 seconds). The proxy 106 retrieves the first
npvr manifest corresponding to the program start time from
the selected CDN 108 for the selected bitrate.

Processing then continues to step 606 where the proxy 106
checks to see if the program spans multiple npvr manifests
(i.e., the first npvr manifest retrieved in step 604 does not
contain all the segments necessary to create a VoD manifest
for the requested program). If the first manifest contains all
the necessary segments, processing continues to step 610. If
the first manifest does not contain the necessary segments,
processing continues to step 608 where the proxy 106
retrieves additional manifest files using the next sequential
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manifest pointers, concatenating the segment information
and removing unnecessary tags as should be familiar to those
skilled in the art, before continuing to step 610.

In step 610, the proxy 106 checks to see if the wall-clock
timestamp of the first segment in the first npvr manifest aligns
with the start time of the program. If the wall-clock times-
tamps align, processing continues to step 614. If the times-
tamps do not align, processing continues to step 612 where
the proxy 106 trims out those initial segments whose wall-
clock timestamps do not overlap with the wall-clock time
range of the program (adjusting the encryption key informa-
tion accordingly, e.g., by selecting the last key specified
before the current segment and applying the proper IV as
required, as should be familiar to those skilled in the art),
before continuing to step 614.

In step 614, the proxy 106 checks to see if the wall-clock
timestamp of the last segment in the last npvr manifest aligns
with the start time of the program. If the wall-clock times-
tamps align, processing continues to step 618. If the times-
tamps do not align, processing continues to step 616 where
the proxy 106 trims out those trailing segments whose wall-
clock timestamps do not overlap with the wall-clock time
range of the program, before continuing to step 618.

In step 618, the proxy 106 uses the remaining segments to
generate the VoD manifest file and returns it to the client 110.
In one embodiment, if the variant manifest contains adver-
tisement segments, when generating the variant manifest in
step 618, the proxy 106 replaces the advertisement segments
specified in the npvr manifest(s) with alternate advertisement
segments. In one embodiment, the proxy 106 issues one or
more requests to the ADM 114 (one for each advertisement)
to determine which alternate advertisement(s) to present to
the client 110. In one embodiment, the alternate advertise-
ment segment locations are specified by the ADM 114. In
another embodiment, the proxy 106 retrieves the alternate
advertisement segment locations, for the alternate advertise-
ment(s) specified by the ADM 114, from the WFM 102.

Thus a method is disclosed for processing content to sup-
port network personal video recorder functions, including

continually performing the steps of (i) acquiring real-time

streaming source content containing a program, (ii)
transcoding the acquired source content into distinct
encodings to create respective content streams, and (iii)
segmenting the content streams into segments and
uploading the segments to one or more content delivery
networks (CDNs) for retrieval and use in rendering the
program at a media player;

generating manifests for the program and continually

updating the manifests and uploading the updated mani-
fests to the CDNs as the segments are uploaded to the
CDNs, the manifests including a master manifest and set
of network-personal-video-recorder (npvr) manifests
forrespective ones of the encodings, the master manifest
including references to the set of npvr manifests to
enable selection from among the encodings in rendering
the program at the media player; and

detecting a program boundary of the program in the source

content, and in response:

completing a current set of npvr manifests in current direc-

tories of the CDNs;

creating new directories in the CDNs and starting a new set

of npvr manifests in the new directories; and
uploading subsequent segments and npvr manifest updates
to the new directories.

The source content may be audio/video content.

The program boundaries may be specified in-band with the
content (e.g., SCTE-35 cue tones).
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The program boundaries may be specified out-of-band
based off of wall-clock times (e.g., SCTE-118, proprietary
EPG data, or fixed duration time schedules).

The new directories for each program may have a hierar-
chical directory structure having distinct hierarchical levels
based on the program boundaries, the date and time the pro-
gram is processed, and respective identifiers of the source
stream and encoding.

A new encryption key may be generated for each new
program.

An existing encryption key may be carried over to a new
program npvr manifest.

The master manifest may be an HTTP Live Streaming
master manifest, the segments HTTP Live Streaming seg-
ments, and the npvr manifests non-sliding-window variant
stream manifests that continuously grow until complete and
then are ended with an ENDLIST tag, each npvr manifest
including sequential references to all the segments of the
program.

The program may span multiple sequential npvr manifests,
and the method further include adding pointers to each npvr
manifest to identify a sequentially preceding npvr manifest
and a sequentially following npvr manifest.

The method may further include detecting advertisement
boundaries and including advertisement boundary informa-
tion in the npvr manifests to identify discontinuities in the
content stream.

The advertisement boundaries may be detected based on
in-band SCTE-35 cue tones and SCTE-130 placement oppor-
tunity information.

The advertisement boundaries may be provided out-of-
band based off of wall-clock times.

Comments may be added to the npvr manifests to denote
first and last segments that contain the advertisement.

A disclosed method for rendering content, the content
available in one or more distinct encodings each including a
respective set of sequential segments, includes:

proxying a manifest request from a media player to a con-

tent server;

selecting a preferred encoding for requested content to be

delivered;

determining a set of npvr manifests required to satisfy the

content request and obtaining a selected one of the set of
npvr manifests associated with the selected encoding,
the npvr manifests specifying locations of segments of
the respective encodings;

constructing a variant manifest from the selected npvr

manifest; and

providing the variant manifest to the media player for use

in obtaining the segments of the respective encoding for
playback of the content.

The method may further include:

detecting specified segments in the content corresponding

to advertisements that may be replaced;

selecting a preferred advertisement server from a plurality

of advertisement servers;

querying the preferred advertisement server for an alter-

nate advertisement; and

replacing the specified segments in the npvr manifest with

segments specified by the preferred advertisement
server in a variant stream manifest.

The method may further include:

selecting a preferred content delivery network (CDN) from

a plurality of CDNs containing identical content and
rewriting segment uniform resource locators (URLs) of
an npvr manifest; and
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replacing a first base URL pointing to an original CDN
with a second base URL of the preferred CDN in a
variant stream manifest.

A variant manifest may be constructed as a sliding-window
variant manifest by adding a new reference to a next segment
and removing an existing reference to an earliest segment in
a predetermined window of most recent segments.

The content may be live streaming content and the sliding-
window variant manifest continually updated as new seg-
ments of the live streaming content are generated to function
as a live streaming manifest for real-time playback of the live
streaming content by the media player.

The continual updating of the sliding-window variant
manifest may include:

finding and retrieving a most recent npvr manifest;

ifthe most recent npvr manifest contains all the most recent

segments in the predetermined window, then extracting
the segments from the most recent npvr manifest;
if the most recent npvr manifest does not contain all the
most recent segments in the predetermined window,
then finding a next sequentially preceding npvr manifest
and extracting the most recent segments in the predeter-
mined window from both the most recent and next
sequentially preceding npvr manifests; and

constructing the live streaming manifest from the extracted
segments.

The method may further include retrieving updates for the
most recent npvr manifest periodically.

The method may further include using a byte range request
to limit the amount of data retrieved in subsequent npvr
manifest retrievals by requesting only data beyond the byte
range of the previous npvr manifest retrieval through the end
of file.

The method may further include:

detecting completion of a current npvr manifest;

determining a location for a next sequential npvr manifest;
and

issuing subsequent requests to the location of the next
sequential npvr manifest.

The content may be live streaming content and the sliding-
window variant manifest created based on a target segment of
a time-shift playback request to function as a time-shifted
manifest for time-shifted playback of a portion of the live
streaming content by the media player.

The method may further include:

finding and retrieving an offset npvr manifest containing

the target segment;

if the offset npvr manifest contains all the most recent

segments in the predetermined window, then extracting
the segments from the offset npvr manifest;
if the offset npvr manifest does not contain all the most
recent segments in the predetermined window, then find-
ing a next sequentially preceding or following npvr
manifest and extracting the most recent segments in the
predetermined window from both the offset and next
sequentially preceding or following npvr manifests; and

constructing the time-shifted manifest from the extracted
segments.

The method may further include using monotonically
increasing sequence numbers in the time-shifted manifest to
simulate a continuous streaming playback, while maintaining
a mapping between a current time-shifted manifest sequence
number and a sequence number of the target segment.

The method may further include restarting the media
player and resetting the time-shifted manifest sequence num-
ber whenever a new seek operation occurs.
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The method may further include restarting the media
player and switching to a live manifest file if a seek request
goes beyond the most recent segment generated.

The method may further include inserting discontinuity
indicators into the time-shifted manifest when the time-shift
playback request involves a seek to a new playback position.

Finding the offset manifest may include calculating a rela-
tive time from a most recently used segment in a most recently
used npvr manifest, and identifying the npvr manifest corre-
sponding to the relative time as the offset manifest.

The offset may be calculated based on a specific user’s
aggregate playback requests since a last media player restart,
the calculation increasing the offset for time watched and fast
forward operations, and decreasing the offset for rewind
operations.

Constructing the variant manifest as a sliding-window
variant manifest may include finding and retrieving multiple
most recent npvr manifests to extract all the most recent
segments in the predetermined window from the most recent
npvr manifests, with the method further including (i) caching
most recently completed npvr manifests and (ii) retrieving the
most recent npvr manifests from the cached completed npvr
manifests.

The method may further include:

finding a proper encryption key to be associated with each

segment in the variant manifest;

using the proper encryption key for each segment in the

variant manifest; and

adjusting initialization vector (IV) information for the

proper encryption key to correspond with the each seg-
ment in the variant manifest.
The content may be recorded content and a variant mani-
fest constructed as a video-on-demand (VOD) non-sliding-
window variant manifest usable for VOD playback of the
recorded content by the media player.
The method may further include:
finding and retrieving a first npvr manifest referred to as a
start manifest which contains a starting time for the
program, and finding a first segment referred to as a start
segment in the start manifest, the start segment having a
start time most closely preceding a desired program start
time;
finding and retrieving a second npvr manifest referred to as
an end manifest which contains and ending time for the
program, and finding a second segment referred to as an
end segment in the end manifest, the end segment having
an end time most closely following the desired program
end time;
retrieving all npvr manifests corresponding to a time
between the start manifest and the end manifest; and

constructing the VoD non-sliding-window variant manifest
by concatenating all npvr manifests starting with the
start manifest and ending with the end manifest, while
excluding segments preceding the start segment in the
start manifest and segments following the end segment
in the end manifest.

The set of npvr manifests may define a program is deter-
mined based off of a contiguous wall-clock time range.

The method may further include personalizing the time
range based on a specific user’s personal recording criteria.

The above methods are usable together and/or indepen-
dently. They may be realized in respective computerized
devices.

While various embodiments of the invention have been
particularly shown and described, it will be understood by
those skilled in the art that various changes in form and details
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may be made therein without departing from the spirit and
scope of the invention as defined by the appended claims.

What is claimed is:

1. A method for processing content to support network
personal video recorder functions, comprising:

continually performing the steps of (i) acquiring real-time

streaming source content containing a program, (ii)
transcoding the acquired source content into distinct
encodings to create respective content streams, and (iii)
segmenting the content streams into segments and
uploading the segments to one or more content delivery
networks (CDNs) for retrieval and use in rendering the
program at a media player;

generating manifests for the program and continually

updating the manifests and uploading the updated mani-
fests to the CDNs as the segments are uploaded to the
CDNs, the manifests including a master manifest and set
of network-personal-video-recorder (npvr) manifests
forrespective ones of the encodings, the master manifest
including references to the set of npvr manifests to
enable selection from among the encodings in rendering
the program at the media player; and

detecting a program boundary of the program in the source

content, and in response:

completing a current set of npvr manifests in current
directories of the CDNs;

creating new directories in the CDNs and starting a new
set of npvr manifests in the new directories; and

uploading subsequent segments and npvr manifest
updates to the new directories.

2. The method of claim 1, wherein the source content is
audio/video content.

3. The method of claim 1, wherein the program boundaries
are specified in-band with the content (e.g., SCTE-35 cue
tones).

4. The method of claim 1, wherein the program boundaries
are specified out-of-band based off of wall-clock times (e.g.,
SCTE-118, proprietary EPG data, or fixed duration time
schedules).

5. The method of claim 1, wherein the new directories for
each program have a hierarchical directory structure having
distinct hierarchical levels based on the program boundaries,
the date and time the program is processed, and respective
identifiers of the source stream and encoding.

6. The method of claim 1, wherein a new encryption key is
generated for each new program.

7. The method of claim 1, wherein an existing encryption
key is carried over to a new program npvr manifest.

8. The method of claim 1, wherein the master manifestis an
HTTP Live Streaming master manifest, the segments are
HTTP Live Streaming segments, and the npvr manifests are
non-sliding-window variant stream manifests that continu-
ously grow until complete and then are ended with an
ENDLIST tag, each npvr manifest including sequential ref-
erences to all the segments of the program.

9. The method of claim 1, wherein the program spans
multiple sequential npvr manifests, and further including
adding pointers to each npvr manifest to identify a sequen-
tially preceding npvr manifest and a sequentially following
npvr manifest.

10. The method of claim 1, further comprising: detecting
advertisement boundaries and including advertisement
boundary information in the npvr manifests to identify dis-
continuities in the content stream.

11. The method of claim 10, wherein the advertisement
boundaries are detected based on in-band SCTE-35 cue tones
and SCTE-130 placement opportunity information.
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12. The method of claim 10, wherein the advertisement
boundaries are provided out-of-band based off of wall-clock
times.

13. The method of claim 10, further comprising adding
comments to the npvr manifests to denote first and last seg-
ments that contain the advertisement.

14. The method of claim 1, wherein the program is a
section of live streaming content corresponding to an npvr
manifest.
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